The multi-channel Kirkpatrick-Baez microscope (KBM), currently in use at the National Ignition Facility (NIF), uses grazing incidence multilayer crystals to focus x-rays to form an image. This diagnostic produces four images with a ~11x magnification, with a designed energy response of 10.2 ±1.5 keV at <10 µm resolution over a 300 µm x 300 µm field of view. The KBM has been designed to image the imploded core of inertial confinement fusion (ICF) experiments, which have diameters ranging over 50-100 µm and broadband emission. The self-emission spectrum is broadband and peaked at ~10 keV. We present a new calibration of the KBM using a molybdenum (W, Z = 42) x-ray microfocus source to measure the spectral response of the instrument over its field of view. Our results measure the variation and dependence on the coalignment of the four imaging channels, relating the region of best resolution and optimal spectral response.
INTRODUCTION
Experiments to achieve inertial confinement fusion (ICF) are undergoing at the National Ignition Facility (NIF) 1 . The goal is to meet the appropriate conditions for fusion, using an indirect x-ray drive to implode a deuterium tritium filled capsule. Implosion symmetry is critical in the path toward reaching ignition and a method of measuring core symmetry is to use x-ray self-emission at peak convergence of the imploded capsule [2] [3] [4] [5] . The continuum emission from the implosion is ~50 µm to 100 µm in diameter at peak compression and peaked at ~10 keV. Kirkpatrick-Baez microscope (KBM) 6 have proven to be very useful diagnostic tools at other high-power laser facilities 7, 8 . Tab. 1 compares the NIF KBM 9-12 against the 10 µm pinhole imaging systems used for x-ray imaging, showing that the KBM can achieve a marked improvement in imaging quality in resolution, throughput and energy content of the image 13 .
The KBM has four identical imaging channels 14 , each of which is a combination of two grazing incidence, cylindrical, multilayer coated mirrors 15 . The channel forms an image with a ~11x magnification and <10 µm resolution over a 300 µm x 300 µm field of view. The use of multilayer coatings provides a ~3 keV 'banded' energy response centered on the ~10 keV emission from the hot spot and rejects emission at higher and lower photon energies. In addition, the KBM has a higher photon collection efficiency over a 10 µm pinhole due to a larger entrance aperture solid angle (See Tab. 1) resulting in a higher image quality as the signal to noise ratio is be improved. Previously performed calibration measurements of the NIF KBM instrument include the characterization of each mirror reflectivity and channel pointing and resolution. This paper will report the first measurement at the LLNL x-ray calibration laboratory 16 of the KBM channels spectral response over its field of view, finding the center energy of the response and the energy bandwidth. This value can diverge from the design values due to the as-built characteristic of the instrument and its alignment to the source.
DRIVE DEPTH DISTANCE AND CHANNEL CO-ALIGNMENT TO TARGET
The designed drive depth distance, i.e. the distance between the target and the center of the first mirror, in the KBM is z = 181 mm. To be able to set the diagnostic at the correct drive depth distance, the mirror center is related to mechanical fiducials and the alignment targets accessible on the mirror pack ( Fig. 1) . A coordinate measuring machine (CMM) finds the relative distance of this fiducial to the position of all mirrors. To set the operational distance of the instrument the alignment targets are positioned at 269.8 mm from the calibration target (the microfocus anode in this case). The alignment target to detector distance is then set to be 2166.2 mm. Each channel is made of 2 mirrors and a front round aperture of 100 µm in diameter. The optical design is summarized in Tab. 2. Each channel image crosses path with the others to arrive on the MCP with a geometry that is symmetrical to the original mechanical disposition. Before measurements of the spectral response can be made, the field of view for each of the four channels needs to be found. We set out to find the optimum resolution region in the field of view for each channel in a common coordinate system dictated by the known position of the x-ray source as it is translated. As in prior work 11 , the region of best resolution aligns with the center of the field of view of each channel. Due to the comatic aberration, the spatial resolution degrades quickly over the field of view from ~2 µm full width at half maximum (FWHM) at the center to ~10 µm at the edges. The calibration setup allows all 4 channels to record simultaneously an image of a 10 µm diameter molybdenum (Mo, Z=42) source on the detector, in addition to capturing an image with an array of pinholes coupled to the back of the KBM microscope, centered on the mechanical axis, i.e. the central axis of the KBM assembly (See Fig. 2 ). The KBM image pattern is not centered around the pinhole images, but this is expected as explained in [14] : the mechanical axis and the optical axis are not concurrent as the last one change when the source is moving. This means that the relative position of KBM images to the pinhole array can be used to determine the pointing precision at the target chamber center (TCC) of an experimental KBM image.
In order to find the best resolution and thus the center of the field of view, we measured the relative change of the horizontal and vertical FWHM of the previously mentioned Mo source imaged by the KBM channels. The source was moved at different drive depth positions and for each of those positions a 2D scan was performed with the source in the x and y directions (with a 50 µm step). The vertical and horizontal FWHM were extracted by isolating each of the channel image and applying a fitting algorithm using a 2D-gaussian equation.
On Fig. 3 -a (respectively Fig. 3-b) is presented a typical result of the data analysis and shows the spatial evolution of respectively the horizontal FWHM (respectively the vertical FWHM). The horizontal FWHM (respectively vertical) has a nearly no variation while moving on the vertical axis (respectively horizontal) which is expected as the aberration due to the coma has lower impact when moving perpendicularly to the observation axis. We can observe that 2 of the KBM channels have a higher FWHM in the x direction (channel 2 and 4) and the others in the y direction (channel 1 and 3 ). This is expected as the KB optics have slightly different magnification in both direction and thus different resolution 12 .
Using 50 µm steps to move the source should induce an error bar of ±50 µm in our measurement, but we have improved the accuracy by averaging Fig. 3 -a (respectively Fig. 3-b ) along the y axis (respectively the x axis) and then fitting the result to a gaussian. The gaussian peak position gives the coordinate where the horizontal or the vertical dimension of the spot is minimal, lowering the error down to ±20 µm. The center of the field of view (CFOV) measurement for 3 different drive depth positions is presented on Fig. 5 . It shows that the optimal position was 2 mm off the original position of the KBM measured by the CMM, at a 179 mm standoff distance. Those results can be compared to a previous drive depth calibration done in [11] that calculates the distance from the CFOV of each channel to the total center of mass (CoM) and showed that the best compromise stand-off distance for the KBM was 179.4 mm which is very close to the value of 179 mm we found in this paper. It was shown that the CFOV to CoM distance needed to be under 100 µm to meet the resolution goal of the KBM. As seen on Fig. 6 all channels verify this condition at the position z = 179 mm with maximum of 80 µm, this result is comparable to [11] . 
MEASUREMENT OF THE SPECTRAL RESPONSE
The calibration of the spectral response of each KBM channel was performed using a TruFocus TFX-8100-EWC molybdenum (Z = 42) point source along with an Amptek X-123SDD1 spectrometer a . We measured the Mo spectrum with a 400 µm diameter pinhole in front of the spectrometer at 2.3 meters from the source as a reference (Fig. 7) . In our region of interest, around 10.2 keV, the spectrum is flat which is convenient to measure the Channel reflectivity. We used a smaller source size than the KBM field of view so that we can observe the spectral response evolution over the field of view by scanning the source in the object plane in a 500 µm x 500 µm box. We measured the spectra at the image plane and the comparison of the spectrum on Fig. 7 with the measurements at a given position gives the value of the peak energy, full width at half maximum of the energy band and the reflectivity of the channel response. In order to avoid crosstalk perturbations, we did the measurements for one channel at a time by covering the other channels. Measurements were a https://www.amptek.com/products/sdd-x-ray-detectors-for-xrf-eds/x-123sdd-complete-x-ray-spectrometer-with-silicon-drift-detector-sdd#Documentation carried out for 2 of the 4 channels. After normalizing with raw spectrum, we were then able to isolate the spatial variation of the peak energy, the full width at maximum of the energy band and the total reflectivity of the KBM channel.
We are showing the spatial distribution of the peak energies and the peak reflectivity on Fig. 8 and Fig. 9 respectively for channel 1 and channel 2. Performances are close as the peak energies for both channels varies around the nominal value of 10.2 keV. The measured energy band inside the FOV for those channels are then respectively 10.1 ±1.9 keV and 10.15 ±2 keV. Although the FWHM values are higher than that specified in Tab. 1 and reflects the mirror coating's imperfections, the energy distribution is still flat at the center of the 300 µm field of view where the diagnostic resolution is the best so the impact on KBM performances is not so heavy. In the same field of view, the reflectivity ranges from 25% on the edge of the FOV up to 30% at the center for both. In the end the performances of both channels are very similar, and we can expect the two last ones to also have the same values. 
CONCLUSION
This calibration is the first spectral calibration of the NIF KBM in an x-ray calibration laboratory 16 . The preliminary study on channel pointing confirmed [11] results on the clustering value under 100 µm and on the optimal drive depth distance of ~179 mm for the first mirror of each channels. Between both papers, KBM has been used in a little less than a dozen NIF experiments, the fact that the calibrations still match shows the stability of the mirror pack's mechanical design.
We measured for the first time the spatial distribution of the spectral response of the KBM. It shows that the peak energy of two of the KBM channels is in line with the design parameters at around 10.2 keV but the total FWHM is 1 keV higher than the expected one of 3 keV that still should not impact KBM performances. The KBM channels spatial reflectivy response ranges from 25% at the edge of the field up to 30.5% at the center of the field. This behavior is expected and is matching the non-spatially resolved measurements of prior publications 11,12 .
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